The effect of fasting on mouse liver methionine adenosyltransferase (MAT I/ III) expression and the regulation of methionine metabolism were investigated. The mRNA level, protein level, and activity of MAT I/III were increased by fasting for 10 or 16 h . In spite of the increase of MAT I/III activity, S-adenosylmethionine, the product of methionine due to MAT I/III, decreased. S-Adenosylhomocysteine, which is made from S-adenosylmethion ine by its coupling to methyltransferase, increased as a result of fasting for 16h . These results suggest that the total methylation reactions using S-adenosylmethionine are stimu lated in the fasting mouse liver. However, the DNA methylation level was not changed by fasting for 16h. Glutathione, which is made by the transsulfuration pathway from homocysteine, decreased due to fasting. Regulation of supplementation of S-adenosylme thionine may occur in the fasting mouse because MAT I/III activity increases and the flow to glutathione is decreased.
transsulfuration to glutathione (GSH) (12), and, follow ing decarboxylation, is a propylamine group donor in the biosynthesis of polyamines (13) (Fig. 1) . AdoMet is an essential methyl donor in transmethylation, and S adenosylhomocysteine (AdoHcy) is known as a potent inhibitor of many methyltransferases, including DNA methyltransferase (14). Increased plasma and lympho cyte AdoHcy levels are associated with increased DNA hypomethylation (15). The ratio of AdoMet to AdoHcy indicates the methylation potential. Dietary factors such as folate, vitamin B12, and cho line change the DNA methylation of genes and lead to chromosomal instability (15, 16). Changes of MAT activity due to diet may affect the methylation reaction via the amounts of AdoMet or AdoHcy and may influ ence the risk of cancer and other diseases. Administra tion of a high-methionine diet increases MAT III activ ity in rat liver 4 to 5-fold (17). The activity of hepatic MAT I/III is decreased by vitamin B12 deficiency in rats (18). Ethanol feeding or folate deficiency decreases the transcription level of MAT1A in micropigs (19). Fasting for 96 h in sheep results in a trend toward increasing MAT-specific activity (20). But the role of MAT changes to methionine metabolism, and the mechanism by which MAT is changed by dietary manipulation is not clear. In this study, we investigated the effect of fasting on MAT expression, regulation of the methionine cycle, and DNA methylation in the mouse liver.
MATERIALS AND METHODS
Reagents. All reagents used were of analytical grade and were purchased from Nacalai Tesque Ltd. (Kyoto, E-mail: sakata@nutr.kobegakuin.ac.jp Abbreviations: MAT, methionine adenosyltransferase; Ado Met, S-adenosylmethionine; AdoHcy, S-adenosylhomocys teine; Hcy, homocysteine; GSH, glutathione. 
DISCUSSION
In this study, we investigated the effect of fasting on MAT expression and the regulation of the methionine cycle in mice. MAT 1 A mRNA level and activity increased in mouse liver after 16h of fasting. The AdoMet/AdoHcy ratio decreased as a result of fasting, but the DNA methylation level did not change.
The enzymes in the methionine metabolic pathway may be regulated to maintain the levels of methionine and AdoMet in the fasting mouse liver; MAT I/III activ ity increased and the methionine level remained con stant in fasting mouse liver (Fig. 3 and Table 2 ). Mudd and Poole have estimated that about 53% of the avail able homocysteine is converted to cystathionine during each cycle in males fed a basal diet (32) . GSH, which is the most abundant low-molecular-weight thiol, is made by thhhhe transsulfuration pathway. In 3-mo-old MATIA knockout mice, the plasma methionine level increases 776%, and hepatic AdoMet and GSH are reduced by 74 and 40%, respectively (7). This result and our results for GSH in the fasting mouse liver (Table 1) indicate that when AdoMet is low, the transsulfuration pathway may down-regulate to maintain the level of AdoMet. GSH deficiency contributes to oxidative stress, which plays a key role in aging and the pathogenesis of many diseases (33) . Thus, long-term fasting may contribute to oxida tive stress.
AdoMet, which is made by MAT in the methionine cycle, is essentially a methyl donor for DNA methyla tion. DNA methylation is the covalent addition of a methyl group to the 5-carbon position of cytosine. In normal situations, 60 to 90% of all CpG sequences in the genome are methylated. Unmethylated CpG sequences are mainly clustered in CpG-rich sequences, termed CpG islands, within the promoter regions of genes (34) . Methylation of CpG islands inhibits gene transcription by directly inhibiting the binding of tran scription factors to their cis-acting sites on DNA (35) . As a consequence of folate deficiency, cellular AdoMet is depleted, which in turn induces DNA hypomethylation and potentially induces proto-oncogene expression, leading to cancer. In addition, DNA hypomethylation has been shown to lead to chromosomal instability in embryonic stem cells that are null for the DNA methyl transferase 1 gene (36) . Many reports indicate that dietary modifications change DNA methylation levels (16, 37). Therefore, we studied the DNA methylation level of fasting mouse liver. In this study, no increase in DNA methylation occurred in fasting mouse liver. How ever, other methylation reactions appeared to increase, as indicated by the finding that AdoHcy, the demethy lated product of the methyltransferase reaction, in creased in the fasting mouse liver (Table 1) , we searched the database about the relation between gly cine N-methyltransferase, phosphatidylethanolamine N-methyltransferase, or guanidinoacetate N-methyl transferase expression and fasting. But no published reports exist on the relation between methyltransferase and fasting. At the present time, the reason why AdoHcy increases in fasting mouse liver has not been established.
AdoHcy can negatively affect methylation potential in humans. Data from several recent studies suggest that hyperhomocysteinemia is accompanied by signifi cant increases in plasma and intracellular AdoHcy (38) . Hyperhomocysteinemia is a marker of vascular diseases (38) . Thus, the inhibition of methylation reac tions, in addition to the depression of the GSH level, is related to many diseases. Understanding the effects of diets on MAT expression and the methionine cycle is important for maintaining health. 
